WORLD INTCLLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

WO 99/67359 



(51) International Patent Classification ^ 
C12N , GOIN 



A2 



(11) International Publication Number: 
(43) International Publication Date: 29 December 1999 (29.12.99) 



(21) International Application Number: PCT/US99/ 1 37 1 3 

(22) International FiUng Date: 17 June 1999 (17.06.99) 



(30) Priority Data: 
09/104.717 



25 June 1998 (25.06.98) 



US 



(71) Applicant: UNIVERSITY OF IOWA RESEARCH FOUNDA- 
TION [US/US]; 214 Technology and Innovation C:entcr, 
Iowa City, lA 52242-5000 (US). 

(72) Inventors: WEINER, George, J.; 235 Kennedy Parkway, Iowa 
City, lA 52246 (US). ROKHLIN. Oskar, W.; 1014 20th 
Avenue. Coralville. lA 52241 (US). COHEN. Michael. B.; 
24 Evergreen Place. Iowa City. lA 52245 (US). 

(74) Agents: WELCH, Teresa, J. et al.; Michael Best & Friedrich, 
LLP. Suite 700, One South Piqckney Street. P.O. Box 1806. 
Madison, WI 53701-1806 (US), 



(81) Designated States: AL. AM. AT. AU. AZ. BA. BB. BG, BR, 
BY. CA, CH. CN, CU. CZ. DE, DK. EE. ES, FI, GB. GD. 
GE, GH. GM, HR, HU. ID. IL. IN. IS. JP, KE, KG. KP, 
KR. KZ. LC, LK, LR, LS, LT, LU, LV. MD. MG, MK, 
MN, MW, MX, NO. NZ, PL, PT. RO. RU. SD. SE. SG, 
SI. SK. SL. TJ, TM. TR. TT. UA. UG, UZ, VN. YU. ZW, 
ARIPO patent (GH, GM, KE. LS. MW. SD. SL. SZ, UG, 
ZW). Eurasian patent (AM. AZ. BY. KG. KZ, MD, RU. TJ, 
TM). European patent (AT, BE. CH, CY, DE. DK. ES. FI. 
FR. GB. GR, IE. IT. LU. MC, NL. PT. SE), OAPI patent 
(BF, BJ, CF. CG, CI. CM. GA, GN. GW. ML. MR. NE. 
SN. TD. TO). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: BISPECIFIC ANTIBODIES FOR RETARGETING ANTICANCER CYTOTOXIC LYMPHOCYTES AND HYBRIOMAS 
AND MONOCLONAL ANTIBODIES THEREFORE 

(57) Abstract 

A bispecific antibody has binding specificity for a marker common to all prostate cells on one arm of the antibody, and binding 
specificity for T cell marker CD3 on the other antibody arm. The combined specificities bring together a tumor cell and a T effector cell, 
whose specificity is reprogrammed to kill the tumor cell. In vitro studies showed that the bispecific antibody achieves a much greater level 
of cytotoxicity than either individual antibody alone. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moklova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Miidagascar 


TJ 


T^kistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Ttnkmenistan 


BF 


Buricfaia Paso 


GR 


Greece 




Republic of Macedonia 


TR 


"Hulccy 


EG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benbi 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CK 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netheriands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Smbabwe 


CI 


Cdte dMvoire 


KP 


Democralic PiB0p1e*8 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Rqniblic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucta 


RU 


Russian Federation 






DE 


Gcimany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Bsumia 


LR 


Liberia 


SG 


Singi^offe 







wo 99/67359 



PCT/US99/13713 



BISPECIHC ANTIBODIES FOR RETARGETING ANTICANCER CYTOTOXIC LYMPHOCYTES AND HYBRIOMAS 
AND MONOCLONAL ANTIBODIES THEREFORE 

CROSS-REFERENCE TO RELATED APPLICATION 

5 

This application is a continuation-in-part of 
copending Application No. .08/896447, filed July 18, 1997. 

FIELD OF THE INVENTION 

10 

The present invention relates to the field of 
monoclonal antibodies and their use in therapeutic 
applications. More particularly, bispecific antibodies 
have binding specificity for a prostate tissue marker and 
15 also binding specificity for CD3 antigen present on the 

surface of T lymphocytes. 

BACKGROUND OF THE INVENTION 

20 Prostatic cancer is a highly intractable disease 

which affects an increasing number of men, and now has 
surpassed lung cancer as the most frequently diagnosed 
cancer in men in the United States. Prostatic cancer is 
often curable if the tumor is confined to a small region 

25 of the gland and found at an early stage, and is 
destroyed by radiation or surgically removed in its 
entirety. Unfortunately, a great many prostatic cancers 
have already infiltrated surrounding tissue or have 
metastasized to remote sites, frequently the bone marrow, 

30 before initial detection. In this instance, radiation 
and other therapies may be more palliative than curative. 

Once it was recognized how androgen dependent both 
normal development of prostatic cells and tumor growth 
were, androgen deprivation therapy appeared to offer a 

35 systemic mode of treatment. In fact, a dramatic 
remission in symptoms and tumor regression are observed 
in instances of castration or hormonal drug suppression, 
for which Charles Huggins won the Nobel Prize in 1966. 
However, the effects of androgen deprivation were 
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temporary, and the cancers soon relapse with emergence of 
a new androgen independent cell type, which is unusually 
aggressive and resistant to all treatment modalities. In 
such instances, it is only the relatively slow 
5 progression of the disease in older patients and the 
intervention of other morbid processes, that permitted 
such patients to escape the inevitable outcome of the 
cancer. For a general review of issues in conventional 
treatment of prostate cancer, see "Prostate Cancer 
10 Working Group", Coffey, D.S., Chair, Cancer Res., 51: 

1498 (1991) . 

Androgen deprivation is a useful therapy. Among the 
androgen suppressive drugs licensed by the FDA, are 
Stilphostrol, which is a phosphorylated nonsteroidal 

15 estrogen, and Lupron, a synthetic nonapeptide analog of 
GnRH.The relapse of temporary remission and emergence of 
androgen independent malignant cells is variable, and 
hormonal therapy offers many patients sustained relief 
for a time. It is not understood how the tumor cells 

20 overcome their androgen dependence, or if they do, since 

it has not been ruled out that, at least in some 
instances, the androgen independent cells arise from a 
different precancerous clone. 

Nevertheless, new treatments are clearly needed. In 

25 the last few years, there has been a significant trend 
towards detection of prostate cancer more frequently and 
at earlier stages, brought about largely by the 
availability of more sensitive and accurate tests for the 
quantitation of Prostate Specific Antigen (PSA) . 

30 Concomitantly, more is known about the molecular biology 
of prostatic tumor expression, although how these 
molecular discoveries can be translated into effective 
therapies is not clear. For example, the androgen 
dependence of the early malignant cells focusses 

35 attention on the AR gene and the SRD5A2 gene. Abnormal 

gene expression can result from gene amplification (AR) 
leading to altered expression, and from genetic 
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polymorphisms (SDR5A2) associated with high risk 
individuals. 

Karp, et al.. Cancer Res., 56: 5547 (1996) describes 
a number of potential therapies based on some of the 
5 molecular observations- For example, targeting . 

antiandrogen/antiestrogen mechanisms with inhibitors of 
steroid Salpha-reductase (Finansteride, etc., or steroid 
aromatise (Exemestane, etc.) may offer therapeutic 
possibilities. Also, drugs that suppress cellular 
10 proliferation, such as E-Cadherin mimetics, PD 153035 
(through EGF receptor interaction) , or Fluasterone 
(inhibition of nucleotide synthesis) , may be effective 
where the molecular abnormality in a given tumor is 
diagnosed. 

15 Monoclonal antibodies have been used in oncology as 

both diagnostic tools and therapeutic adjuncts. 
Unconjugated antibodies have been used in patients with 
acute leukemias (see more recent review) . An 
antiganglioside monoclonal antibody has been used in some 

20 patients with melanomas to some advantage (see Houghton, 
et al., 85: 1242 (1985)). For conjugated antibodies, 
monoclonals bearing radionuclides have been evaluated. 
"^I and have been most extensively studied, although 
these are associated with some toxicity. Other antibody 

25 conjugates include biologic toxins (such as ricin, S. 

exotoxin, etc.) and chemotherapeutic drugs (such as 
methotrexate, or Doxorubicin) • 

A number of prostate-reactive antibodies have been 
produced and evaluated to various degrees. The most 

30 extensively studied antibody is designated 7E11 and 

reacts with PSMA. Radiolabelled 7E11 reacts specifically 
with prostate cancer cells, and has proven useful as a 
diagnostic agent in patients with occult recurrence of 
prostate cancer, as described in Kahn, et al . , J. Urol., 

35 152: 1490 (1994), and elsewhere. The use of this 

antibody (7E11-C5.3) in phase I clinical trials, labelled 
with mm, is discussed in Monoclonal Antibodies 2: 
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Applications in Clinical Oncology, ed. A. A. Epenetos, 

Chap. 32, Chapman & Hall Medical: 1993, This antibody, 
however, has a number of limitations. It recognizes an 
intracellular rather than a surface epitope, thus having 
5 limited value in targeting viable cells. Thus, there 
exists a great need for monoclonal antibodies which have 
the desired specificity, and target epitopes of stably 
expressed antigen molecules on the surface of the target 
tumor cell. 

10 . The immune mechanisms leading to destruction of 

target tumor cells are partially understood. A 
population of cytolytic T cells have been identified 
which carry the CD8+ antigenic determinant on their 
surfaces. These cells require CD4+ helper lymphocytes 

15 for activation, which is a complex event mediated by 
antigen processing and presentation in association with 
the major histocompatibility complexes. Antigen 
processing assures that only cells targeted to the tumor 
antigens will be activated. 

20 Monoclonal antibodies directed to various markers on 

subpopulations of T lymphocytes have been used to 
activate immune effector cells, 0KT3 antibody 

administered by injection, for example, meets with CD3, 
and can cause a whole array of immune effects including 

25 iL-2, TNF-alpha, and IL-6 release, tissue damage, and 

either activation or suppression of T cell activity. 
More recently, 0KT3 specificity has been combined with a 
antitumor specificity in a bispecif ic antibody. Link, et 
al.. Blood, 81: 3343 (1993) showed that a bispecif ic 

30 antibody having one arm of 0KT3 and the other arm 
directed to a B-cell malignant antigen was able to induce 
cytotoxicity of target tumor cells. Interestingly, the 
T-cell activation was without regard to the natural 
specificity of the T cell, and required the presence of 

35 the tumor cells. Thus, in the simultaneous binding of 

tumor cell and effector cell by the same antibody, the T 
cells are effectively recruited from the general T cell 
population, and retargeted to destroy the tumor cells. 
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It has also been shown by Weiner, Int. J. Cancer, 
Supplement 1 , 63 (1992) that the action of the bispecific 
. antibody is enhanced by coadministration of so that 

combinational therapy resulted in management of a 100 to 
5 1000 times greater tumor load than with the anti-tumor 

monoclonal antibody alone. Alternatively, the co- 
stimulus observed in the use of the bispecific antibody 
may be provided through binding of the Fc domain of the 
antibody to the Fc monocyte receptor, which in turn 
10 provide the co-stimulus, possibly through binding of the 
B7 family of membrane proteins to CD28. Preactivation ex 
vivo of cytotoxic T cells with co-administration of 
bispecific F{ab') has also been reported (Mezzanzanice, 
et al., Cancer Res., 51:5716 (1991). 

15 

SUMMT^Y OF THE INVENTION 

The present invention utilizes a selection method 
designed to obtain monoclonal antibodies of very high 

20 specificity to particular tumor antigens, or to antigenic 

determinants shared by a single differentiated tissue 
type. It is also an objective to produce monoclonal 
antibodies which favor an externally disposed, stable, 
nonshed antigen. One problem with monoclonal antibodies 

25 raised to cell extracts derived from and screened against 
only one tumor or cell line, is their tendency to cross- 
react, however slightly, with vital non-tumor tissues. 
Many of the side-effects observed in immunotherapy are 
attributable to the nonspecific interaction of the 

30 antibody or antibody-toxin/drug/radionuclide conjugate 

with normal non- target cells, causing an associated 
toxicity. It is therefore an important object of this 
invention to provide an antibody of sufficient 
specificity that side-effects are minimized and limited 

35 to minor symptoms, or avoided. 

Thus, in selecting an antibody specific for a common 
antigenic determinant displayed on the cell surface of 
cancers, of a defined cell type, a mixture of cells is 
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prepared, the mixture comprising cells from individual 
cell lines derived from a plurality of cancer cells of 
defined tissue type. This mixture of whole cells is then 
injected into a laboratory animal such as a mouse, 
5 according to a conventional immunization protocol to 
immunize the animal with the heterologous human tumor 
cells. Reactive B cells are then harvested from the 
animal, preferably the disrupted spleens, and fused with 
myeloma cells to form hybridomas. By maintaining the 

10 cell density below a critical level in which a 
statistical distribution function predicts one or two 
hybridomas per well, the likelihood of obtaining isolated 
single hybridomas was improved. 

After cloning and outgrowth, supernatant medium 

15 containing the secreted monoclonal antibodies was 
removed. The screenings were then carried out, first, by 
contacting the mixture of cancer cells of the defined 
tissue, and a mixture of cancer cells of a different 
tissue type, with the monoclonal antibody under 

20 conditions conducive to binding of the antibody to cells 
displaying the target antigenic determinant. A 
fluorescent dye that recocptiizes the antibody is then 
added and the cells are then evaluated in a flow 
cytometer to determine which cells have detectable dye 

25 and which do not. The cell types are distinguished by a 
log scale of emission light intensity. Thus, the cells 
are ranked into a first class having labelled antibody 
bound to the surfaces thereof and into a second class 
having no labelled antibody bound, thereby showing a 

30 bimodal distribution of cells in flow cytometry. 

The second screen involves further screening tests 
on the cells showing a bimodal distribution in which 
individual cells of prostate cancer and other cancer 
origin are labelled with the monoclonal antibody. Thus, 

35 each cancer cell type is individually tested with the 
labelled antibody to identify antibody with binding 
specificity for the cancer cells derived from the tissue 
of interest. Those antibodies which demonstrate 
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unambiguous reactivity with prostate cancer -derived cells 
and no reactivity with nonprostate-derived cells are 
further tested. The cancer tissue types for which this 
method is intended in its therapeutic application include 
5 all those derived or arising from body organs unessential 
for viability such as ovary, breast, certain endocrine 
glands (thyroid), testicle, as well as prostate. 

The third screening test is performed upon the 
monoclonal antibodies passing both the first and second 

10 screen, and involves determining the binding specificity 
of the labelled antibody for tissue sections derived from 
a plurality of cancers of defined cell type, together 
with controls of normal tissue sections from 
nonhomologous tissue. 

15 In a variation of the above method involving the 

production of monoclonal antibodies specific for prostate 
tissue, the steps set forth therein are reproduced, with 
the exception that the initial immunization is carried 
out by preparing a whole cell suspended mixture of cells 

20 from cell lines derived from a plurality of prostatic 
tumors, proceeding through the next steps to grow out the 
hybridomas, but then performing the first screening test 
upon a mixture of the tumor cells contained in the 
inoculum and cells from cell lines not of prostate 

25 origin, after incubation with the labelled antibody. 

This variation in procedure does not screen against 
monoclonal antibodies reacting with both normal proistate 
and prostatic tumor cells, while not recognizing the 
nonprostate cells. 

30 The invention herein encompasses the monoclonal 

antibodies obtained by the above disclosed methods, and 
also various diagnostic and therapeutic reagents made 
from them. Particularly useful are antibody conjugates 
in which a reporter molecule or detectable label .is 

35 chemically conjugated to the antibody or an antibody 
fragment which retains the antigen binding 
characteristics and specificity of the originally 
isolated antibody. These reporters may be direct, such 
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as a radioactive isotope or dye, or indirect, such as an 
enzyme, where the enzyme subsequently acts on a substrate 
to produce a detectable signal. In diagnostics, the 
reagents of the present invention will have especial 

5 efficacy in evaluating histologic sections and in 
immunos c in t igr aphy . 

In therapeutic application in which the eradication 
of tumor cells is sought, the same antibodies will be 
efficacious, but with different conjugated moieties which 

0 are adapted for inducing cell death of the tumor cell to 
which they bind. The cytotoxic moieties may include a 
radionuclide, a chemotherapeutic drug, or a biologic 
toxin. In diagnostics application, tumor cells of 
unessential organs or tissue types widely distributed in 

5 the body may be used in the immunization, and then 
screened according to the present method. The 
monoclonals obtained cannot be used for therapeutic 
purposes, since normal tissue of the same type would be 
destroyed. However, they are useful as reagents in 

0 diagnostics, as in the tissue section illustrated in 
Figure 4. 

Applicants have also found that a bispecific 
construct which binds two antigens has cytotoxic activity 
against a tumor cell in the presence of one or more 

5 effector cells. The construct contains one or more 
polypeptides and is characterized in having a first 
binding domain having binding specificity for an 
antigenic determinant expressed on the surface of 
malignant and normal cells of defined nonessential animal 

0 tissue type, and a second binding domain having binding 
specificity for an antigenic determinant expressed on the 
surface of a defined class of immune effector cells such 
as monocyles, T-cells or NK cells. Antigenic 
determinants of tissue specific type include, for 

5 example, the determinant recognized by the 5E10 
monoclonal antibody specific for prostate tissue. Other 
nonessential tissues having tissue specific determinants 
for which monoclonal antibodies may be isolated by the 



wo 99/67359 



PCTAJS99/13713 



-9- 

method of the present invention, include the thymus, 
thyroid, mammary gland, testes, ovaries, etc. Monoclonal 
antibodies specific for lymphocyte markers may be 
directed against CD3 (such as the commercially available 
5 0KT3), CD4, CDS, CD16, and CD28, CD32 and CD64 . 

Finally, in a still further embodiment of the 
present invention, a hybrid-hybridoma cell line is 
provided by first fusing an 0KT3 secreting cell- (ATCC 
Accession No. CRL 8001) with a 5E10 prostate tissue 

10 specific monoclonal antibody secreting cell, and growing 
out the fusion hybrid in a selective medium. The 
resulting hybrid-hybridoma cell line secretes monoclonal 
0KT3 antibody, 5E10 antibody, and a bispecific antibody 
having the combined specificity of 0KT3 on one antibody 

15 arm, and 5E10 specificity on the other antibody arm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a rectilinear plot of cell numbers 

20 versus log 10 fluorescence showing flow cytometric 
analysis of surface expression by mixture of prostate and 
non-prostate cell lines after incubation with primary 
hybridoma supernatants . Bound antibodies were detected 
with PE- labeled goat antibodies to mouse Ig. Hybridomas 

25 with bimodal distribution of reactivity were selected for 
further evaluation. 

Figure 2 is a rectilinear plot of cell numbers 
versus log 10 fluorescence showing flow cytometric 
analysis of 5E10 expression by human prostatic carcinoma 

30 cell lines. Bound monoclonal antibodies were detected 

with PE- labeled goat antibodies to mouse Ig. The dotted 
line represents control with irrelevant mouse IgGl; the 
solid line represents 5E10 expression. 

Figure 3 is a western blot of 5E10 expression in 

35 prostate cell lines. Cellular protein lysates were 
resolved by 4-20% SDS-PAGE under reducing conditions, 
transferred to a nitrocellulose membrane, and detected by 
5E10 monoclonal antibody. 
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Figure 4 is a frozen section of prostate tissue 
showing the highly specific binding of the 5E10 antibody 
to the prostate epithelial cell by indirect 
immunofluorescence . 

Figure 5 is a bar graph comparing cell lysis of 
monospecific antibodies with the bispecific 5E10/OKT3 
antibody. 

Figure 6 is an HPLC plot showing the migratory 
position of each of the species of antibody secreted by 
the hybrid-hybridoma. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The basic strategy in developing the present 
monoclonal antibodies is to maximize the likelihood of 
selecting an antibody having specificity for a antigenic 
determinant common to all or substantially all of the 
tumors derived from a particular tissue type. Pursuant 
to this strategy, a plurality of at least two and up to 
six to eight individual cell lines derived from tumors 
are grown up. The cells are washed, concentrated to a 
total cell density of about 10^ cells/ml in conventional 
media and injected into test animals, e.g. mice. This 
protocol is repeated once prior to harvest of spleens for 
recove3ry of immune B cells. 

The simultaneous presentation of all the cell line 
antigens appears to result in the early emergence of 
clones secreting antibody with a specificity common to 
all cell lines. The alternative would be to immunize with 
a first cell line, and then boost with the different cell 
lines, in the hope that successive presentation of the 
common antigenic determinant would cause expansion of 
that clone over expression of those unique to the 
individual cell line (which would be presented to the 
immune system but once) . This lengthy and laborious 
approach is unnecessary, as Applicants havei discovered 
that simultaneous inoculation of all the chosen cell 
lines results in emergence of monoclonal antibody 
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producing clones with specificity to a common antigen 
within two to three immunization events . 

The term "derived" as it applies herein means the 
cells obtained by subculture of tumors isolated from 
5 patients. It also applies to cell lines established from 
non-solid tumors of the lymphatic system. The techniques 
for routine subculture of tumor cells are well known in 
the art, and include the use of growth factors, 
nutrients, support matrices, and hormones, as required 

10 for the particular tissue type. The techniques for 
immunization of experimental animals and subsequent cell 
fusion of splenic B cells to produce hybridomas, and 
their subsequent culture are conventional. The basic 
protocol utilized in the practice of the present 

15 invention is set forth in detail in Current Protocols in 

Immunology, vol. 1, J.E. Coligan, et al., eds., John 

Wiley & Sons: 1991 hereby incorporated by reference. 

It is important in applying these protocols to the 
isolation of hybridomas according to the present 

20 invention, that a proper dilution of fused cells occurs, 
so that a substantial number of wells in the 96 well 
trays contain 1-2 clones, and not more. At dilutions 
sufficiently great to attain this objective, some 6 to 12 
percent of wells will contain 0 clones. In the 

25 experiment from which the clone 5E10 was identified, some 
20,000 cells were distributed in 960 plate wells. 

Screening by flow cytometry has several key 
advantages. First, it is important that a stable cell 
surface antigen be identified. As indicated above, the 

30 7E11 antibody directed to PSMA, and other tumor specific 
markers are not cell surface oriented. By selecting only 
those antibodies that bind whole cells, the likelihood of 
choosing a stable surface component antigen is enhanced. 
The term "stable" means in the context of 

35 antibody/cellular interactions, that the target molecule 
is preferably a constitutive cell membrane glycoprotein 
integral to the structure and integrity of the membrane. 
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and not a transient resident of the cell which is shed, 
displaced, or antigenically modified during the cell 
cycle . 

A second advantage to screening by flow cytometry, 
5 is that the bimodal profile indicates that some cells 

bind the fluorophore labelled antibody and not others, 
which is a threshold indication of specificity. If only 
a single fluorescent peak is observed, this means that 
some antigen common to both the tumor cells and the non- 
10 prostate cells has been identified by the antibody. Two 
peaks mean that either one or more subsets of tumor cells 
have, a unique antigen, one or more subsets of tumor cells 
but not all share an antigen with the non- tumor cells, or 
that the tumor cells have an antigen not shared by normal 
15 cells . Another advantage of this method of preselection 
is that the techniques of labeling cells and preparing 
them for flow cytometry are well known, and may be 
carried out routinely. 

In the case of prostate cancer therapy, it is not 
20 important if the monoclonal antibody does not distinguish 

between normal prostate and cancerous prostate cells. In 
many cases where remote imaging diagnosis or 
immunotherapy is indicated, the prostate gland has 
already been removed. The prostate is unessential in the 
25 sense that its absence per se is not life threatening. 

The 5E10 antibody disclosed in the Example is specific 
for prostate -derived cells generally, and recognizes a 
prostate marker common to both normal and cancerous 
cells. Applicants have correctly surmised that an 
30 antigen common to both cancerous and noncancerous 

prostate cells, and specific to that differentiated cell 
type would be readily recognized by a xenotypic immune 
system. Although the methods of the present invention 
can be applied to the isolation of hybridomas secreting 
35 antibodies reactive to tumor specific antigens for a 
given cell type, the preferred embodiment herein utilizes 
the method to identify cell type specific antigens which 
may be found on both normal and cancerous tissue derived 
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from the same cell type. This technique may be used to 
identify any monoclonal antibody specific for an 
antigenic determinant common to a normal cell type and 
its tumor counterpart, for an organic nonessential for 
5 viability of the animal from which it was obtained other 

than the prostate, ovary, breast, testicle, and thyroid 
are examples of such organs . 

In the use of the antibodies of the invention for 
diagnostic purposes, the antibody must be labelled. Any 
10 conventional means of labeling antibodies which does not 
interfere with binding specificity may be employed. Many 
of the techniques for labeling and for formatting 
diagnostic imaging assays are set forth in Monoclonal 

Antibodies: Principles and Applications, J.R, Birch, et 

15 al., eds., Wiley-Liss: 1995, hereby incorporated by 
reference, and references cited therein. 

In the use of the antibodies for therapeutic 
purposes, the conjugation of antibody with radionuclides, 
enzymes, biologic toxins, and chemotherapeutic drugs is 

20 well known in the art. Some of the more current 
strategies for molecular linkers are reviewed in 
Reisfeld, et al., Antibodies as Therapeutic Agents and 
Carriers for Drugs, Permagon Press: 1990, and references 

cited therein. The mycotoxins are particularly preferred 
25 in therapeutic actions, since some of them have an 
extremely high toxicity to cells, can be linked 
reversibly to the antibody through an adoptive sulfhydryl 
bond, and as free molecules do not have independent cell 
binding receptors. Biologic toxins useful in the present 
30 invention include ricin, abrin, amantin, trichosanthin, 
and restrictocin. Enzymes that can be successfully 
localized at the tumor site include carboxypeptidase, 
alkaline phosphatase, thymidine kinase, as described in 
Monoclonal Antibodies: Production, Engineering, and 
35 Clinical Application, M.A. Ritter, et al., eds., 

Cambridge University Press: 1995. Molecular conjugation 
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of radionuclides and therapeutic protocols are described 

in detail in Therapeutic Monoclonal Antibodies, C, 

Borrebaeck, et al., eds., M Stockton Press: 1990. 

Bispecific antibodies have been utilized in a 
variety of therapeutic applications. U.S. Patent No. 
5,601,819 (Wong) discloses the use of a combinational 
CD3, and CD28 or interleukin 2 receptor bispecific 
antibody to selectively cause proliferation and 
destruction of specific T cell subsets. Belani, et al . 
showed that bispecific IgG functions in a B cell lymphoma 
model to retarget the specificity of T cells in low dose, 
and to cause nonspecific T cell activation with systemic 
cytokine production at higher doses. It was found that 
bsF(ab')2 was also capable of retargeting T-cell mediated 
lysis by activated T cells. Thus, in many applications 
portions of antibodies, such as enzyme digested 
fragments, will mediate the effects otherwise observed 
for the intact antibody. These fragments necessarily 
contain the complementarity determining regions (CDRs) of 
the variable light and heavy chain antibody domains, and 
may be integrated with other protein fragments to form a 
bispecific antigen binding protein construct. This 
construct will minimally contain the CDRs including the 
interspersed constant framework beta sheet portions. 
These regions are easily identified following routine 
cloning and sequencing procedures, as disclosed in U.S. 
Patents 5,530,101 and 5,585,089, hereby incorporated by 
reference. Cloning is facilitated by PCR primers 
complementary to conserved sequences flaking the 
0 functional variable regions. 

Useful bispecific antibodies combining a CDR 
specific for an effector cell and the CDR for a tissue 
specific antigen may also be humanized, either by 
replacing the light and heavy chain constant regions of 
5 the murine antibody with their human counterparts, or by 

grafting the CDRs onto a human antibody. Methods for 
carrying out these procedures are contained in U.S. 
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Patent Nos. 5,530,101 and 5,585,089. The immune 
construct of the present invention may also be bispecif ic 
single chain antibodies, which are typically recombinant 
polypeptides consisting of a variable light chain portion 
5 covalently attached through a linker molecule to the 

corresponding variable heavy chain portion, as disclosed 
in U.S. Patent Nos. 5,455,030, 5,260,203, and 4 , 496, 778, 
hereby incorporated by reference. A more complex 
construct for a single chain bispecific antibody also 

10 containing an Fc portion is provided in detail in U.S. 

Patent No, 5,637,481. The principal advantage of 
constructs of this type is that only one species of 
antibody is produced, rather than three separate antibody 
types in the fused cell hybrid- hybridoma, which require 

15 further purification. 

Other methods can be utilized in producing 
bispecific antibodies. Chemical heteroconjugates can be 
created by the chemical linking of either intact 
antibodies or antibody fragments of different 

20 specificities. Karpovsky et al.. Production of Target- 
Specific Effector Cells Using Hetero-Cross-Linked 
Aggregates Containing Anti-Target Cell and Anti-Fc Gamma 
Receptor Antibodies, J. Exp. Med. 160: 1686-1701 (1984). 

However, these heteroconjugates are difficult to make in 
25 a reproducible manner and are at least twice as large as 
normal monoclonal antibodies. Bispecific antibodies may 
also be created by disulfide exchange, which involves 
enzymatic cleavage and reassociation of the antibody 
fragments. Glennie et al., Preparation and Performance 
30 of Bispecific F(ab*)2 Antibody Containing Thioether 

Linked Fab* Fragments, J. Iimunol, 139: 2367-2375 (1987). 

Another method is the creation of F{ab')2 connected via 
a shortened Fc to the leucine zipper region of the 
transcription factors Fos and Jun. Kostelny et al., 
35 Formation of a Bispecific Monoclonal Antibody by the Use 
of Leucine Zippers, J". Immunol. 148: 1547-53 (1992). 
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Bispecific antibodies are also produced by hybrid- 
hybridomas. Hybrid- hybridomas are created by fusing two 
hybridoma cell lines together so that the resulting 
hybrid-hybridoma contains two productive light chain 
5 alleles. Hybrid- hybridomas secrete individual bispecific 

IgG molecules which are monovalent for each of the two 
distinct antigens recognized by antibodies produced by 
the parent hybridomas. However, hybrid-hybridomas 
produce both bispecific antibodies and monospecific 

10 antibodies for each of the two antigens recognized by the 
parent hybridomas. Further, light chain/heavy chain 
fidelity does not always occur. In all, there are 10 
possible heavy and light chain combinations that could be 
produced by the hybrid-hybridoma cell line. Only one of 

15 these is the desired bispecific antibody. Some degree of 

purification of the bispecific component is therefore 
necessary prior to the use of such bispecific antibodies. 
A preferred method of purification is protein A 
immunoaf f inity chromatography followed by HPLC 

20 purification. 

Preferably, the ant i -prostate bispecific antibody of 
the present invention has a first Fab portion specific 
for an antigenic determinant on target cells, most 
preferably, an Fab portion from an antibody produced by 

25 the cell line designated 5E10 which is specific for 
prostate cells. The second Fab fragment is specific for 
an antigenic determinant on an immune system effector 
cell, most preferably, the Fab portion is derived from 
0KT3 . The Fab portions share a common Fc region. Most 

30 preferably, the bispecific antibodies are produced by a 

hybrid-hybridoma cell line formed by the fusion of a 
hybridoma cell line selected by the flow cytometric 
screening method of the present invention and a hybridoma 
which produces antibodies specific for antigens on immune 

35 system effector cells. Preferably the first hybridoma 
cell line is the cell line designated 5E10 having 
specificity for an antigen expressed on prostate cells 
and the ATCC Accession No. XXXXX. The second hybridoma 
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cell line may be selected from the group of cell lines 
expressing antibodies specific for CD16, CD28 and CD3, 
preferably the cell line expressing 0KT3 (ATCC CRL 8001) . 
Most preferably, the bispecific antibodies are produced 
by the cell line having the ATCC Accession No. XXXXX. 

CD3 binding by 0KT3 or a bispecific antibody with 
one 0KT3 variable region only partially activates the 
CTL. Additional co- stimulatory signals are required to 
fully activate the CTL so that it has cytolytic activity. 
An intact bispecific antibody has the ability to provide 
its own CO- stimulatory signal, as disclosed in Weiner et 
al., J. Immunol., 152:2385 (1994). The inventors 

hypothesize that the co- stimulatory activity is provided 
through the interaction of the Fc region of the 
bispecific antibody with the Fc receptor of circulating 
monocytes. The monocyte expresses members of the B7 
family of co- stimulatory molecules at its cell surface. 
These B7 molecules bind to CD28 expressed by the CTL and 
cause co-stimulatory activation of the CTL. Therefore, 
the bispecific antibody actually may target both CTLs and 
monocytes to the tumor cell. This pathway also results 
in the localized release of cytokines at the site of the 
tumor which may contribute regression of both antigen 
positive and antigen negative tumors. 

Other advantages of the present invention will be 
apparent from the Examples which follow. 

Example 1 

Immunization and Fusion 

Mice were immunized two times with a mixture of 
prostate tumor cell lines: primary cell lines: ALVA31, 
JCAl, NDl; metastatic cell lines: DU145, LNCaP, and PC3 . 
Mice were injected with living cells in PBS, 12 x 10^ 
cells per mouse (2 x 10^ of each cell line) . Spleen was 
taken for fusion on fourth day after second immunization. 

In two preliminary fusions, cells were seeded at 
100,000 and 50,000 per well and it has been found that 
almost 100% of wells contained multiple clones which 
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seemed to produce mixture of monoclonal antibodies (mAbs) 
reacted both with prostate and non-prostrated cell lines. 
Therefore, after third fusion, cells were seeded at 
20,000 cells per well in 10 plates, i.e. 960 wells. 
5 Microscopic examination of wells revealed that 85 wells 

did not contain any clones (8.8%), 493 wells contained 
three or more clones (51.4%) and 382 wells contained 1-2 
clones (39.8%), and the latters were analyzed by flow 
cytometry. 

10 

Flow Cytometric Screening 

Step 1. The supernatants were added to a mixture 
of cells containing all 6 prostate cell limes used in 
immunization, and 6 non-prostate cell lines indicated in 

15 Table 1. Antibodies that reacted with some cells in this 
mixture but not all (i.e. those that gave a bimodal 
pattern of staining on the mixture of 12 cell lines, see 
Fig. 1) were selected for further evaluation. This 
approach excluded those monoclonal antibodies that 

20 recognized non-membrane surface proteins, or monoclonal 
antibodies that recognize an epitope that is not specific 
for the prostate cancer cells. Twenty- two wells (5.8%) 
with bimodal pattern of reactivity were identified on 
this step of screening. 

25 Step 2. Hybridoma cells from selected 22 primary 

wells were transferred from 96 -well plates to 24 -well 
plates, cells were grown for several days and 
supernatants were screened for reactivity with each of 
the prostate and non-prostate cell lines individually 

30 (i.e. all 12 lines) . Five hybridoma populations with 

preferential reactivity with prostate cell lines were 
selected on this step (see Table 1) . 

Step 3. The specificity of five selected 
hybridomas was further assessed on peripheral blood cells 

35 (T- and B- lymphocytes, monocytes, granulocytes, 

erythrocytes, and platelets), bone marrow cells, both 
hematopoietic cells and stromal fibroblasts, and on 
endothelial cells, both primary cultured cells (HUVEC) 



wo 99/67359 



PCT/US99/13713 



-19- 

and endothelial cell lines ECV-304. All five hybridomas 
examined were found to be negative with analyzed cell 
types (Table 1) . 

Step 4. They hybridoma cells were cloned and. 

5 reactivity of individual clones was again estimated on 

prostate and non-prostate cell lines, peripheral blood, 
bone marrow, and endothelial cells (Table 1) . 

Step 5. Reactivity of selected hybridoma clones 
was further evaluated by immunohistochemical staining of 

10 tissue samples. It was found that only the 5E10 
hybridoma reacted with both benign and malignant prostate 
epithelium in 6 of 6 histological samples, and did not 
react with other tissues (Table 2) . Immunohistochemical 
staining for 5E10 was performed on a variety of frozen 

15 tissue specimens using a standard labeled streptavidin- 
biotin method. Frozen sections were cut and fixed in 
cold acetone for 5 minuets. Sections were then covered 
with primary antiserum (SEIO) , incubated at room 
temperature for 1 hour, and rinsed. Sections were then 

20 covered with a secondary antibody using the LSAB II Lind 
AB (Dako Corp;, Carpinteria, CA) for 15 minutes at room 
temperature, rinsed, and then covered with LSAB II 
labeled Ab for 15 minutes at room temperature and rinsed. 
Sections were subsequently incubated with 0.05% DAB/0.1 

25 M TRIS with 0.015% H202 to demonstrate signal of the 
primary antibody. A counter stain of 10% Harris 
Hematoxylin without acid for 1-2 minutes was used. 
Negative control slides were prepared by substituting 
normal mouse serum for the primary antibody (5E10) . All 

30 rinses were performed using 1% BSA/PBS Buffer. 

Several clones were identified and evaluated by flow 
cytometry for reactivity with each of the prostate and 
non-prostate cell lines individually (i.e. all 12 lines) . 
The most attractive clone, designated 5E10, produced an 

35 IgGl that recognized 4 of the 6 prostate cell lines 

(DU145, PC3, NDl and ALVA31) . It reacted with both 
benign and malignant prostate in 6 of 6 histologic 
samples of prostate cancer tissue. Reactivity was 
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stronger with the malignant tissue. There was no 
reactivity of 5E10 with non-prostate tumor cell lines, 
peripheral blood mononuclear cells or bone marrow stromal 
cells. A large number of frozen normal tissues were 
obtained at autopsy of patients that died of other 
disorders. Very weak reactivity was noted with some 
adnexal . structures in the skin, and with a small 
subpopulation of mesenchymal cells in the kidney. No 
reactivity was noted with other normal tissues. In 
addition, the 5E10 antigen is a membrane antigen, does 
not appear to be shed, and the epitope recognized by 5E10 
is extracellular. Western blot analysis demonstrates the 
5E10 antigen is a glycoprotein that has a molecular 
weight of ""llSKd. Ongoing studies are exploring the 
nature of this antigen in more depth. 

To determine whether 5E10 is transmembrane or 
phosphatidylinositol anchored membrane protein, cells 
were treated with phosphatidylinositol phospholipase C 
and then stained with 5E10 monoclonal antibody. It has 
been found that this treatment did not affect the surface 
expression of 5E10. Treatment of cell lysates with N- 
glycanase reduced the molecular weight from 115 kDa to 
110 kDa. Subsequent digestion of the lysates with 
neuraminidase has further reduced molecular weight by 20 
kDa. 

Thus, 5E10 hybridoma produced IgGl monoclonal 
antibody that recognized 4 of the 6 prostatic cancer cell 
lines, reacted with benign and malignant prostate and did 
not react with non-prostate tissues, peripheral blood 
0 cells, bone marrow hematopoietic and stromal fibroblast 

cells, and endothelial cells. In addition, it was found 
that the 5E10 antigen is a transmembrane glycoprotein 
which has a molecular weight of 110-115 kDa and contains 
N- linked oligosaccharides and sialic acid residues, as 
5 shown in Fig. 3, by western blot. In this figure, the 
form lanes corresponding to extracts of the cell lines 
individually react with 5E10 according to the 
reactivities shown in Table 1. 
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Figure 4 further illustrates the specificity of the 
5E10 antibody. Prostatic tissue sections were prepared 
by conventional frozen section, and reacted with the 5E10 
antibody. Indirect fluorescence labeling clearly shows 
5 the specificity of the monoclonal antibody 5E10 for the 

epithelial cell surfaces. This figure also illustrates 
the efficacy of this technique as a diagnostic aid in 
identifying organ specific tissues or tumor cells derived 
or arising from such organ specific tissue. 



TABLE 1 







1C2 
(4 

clones) 


Hybridomas 

1A7 
(2 clones) 


5E10 
(3 

clones) 


5D4 
(4 

clones) 


2C9 
(3 

clones) 


5 


Targets 
1 /Prostate 
cell lines 














DU145 


+ 


+ 


+ 


+ 






PC3 


+ 


+ 


+ 


+ 




10 


NDl 


+ 




+ 


+ 






LNCaP 




+ 




+ 


+ 




ALVA31 


+ 


+ 


+ ■ 


+ 






JCAl 


+ 


+ 








15 


2/Non- 
prostate 
cell lines 

A549 
(Lung) 




+ 








20 


SKLUl 
(Lung) 













1072F 
(Renal) 

UIRl 
(Renal) 

25 SKBR3 

(Breast) 

5673 

(Bladder) 
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1C2 
{4 

clones) 



Hybridomas 

1A7 
(2 clones) 



5E10 
(3 

clones) 



5D4 2C9 
(4 (3 
clones) clones) 



3 /Peripheral 
blood cells: 
T- and B- 
lymphocytes 
monocytes 
granulocytes 
erythrocytes 
platel<ets 



10 4 /Bone 

marrow : 
stromal 
fibroblasts 
and hema- 

15 topoietic 
cells 

5/Endothelia 
1 cells, 
HUVEC and 
20 ECV-304 



TABLE 2 

IMMUNOHISTOCHEMICAL STAINING RESULTS WITH 5E10 





Tissue #case8 


examined 


stainino result* 


25 


prostate* 








benign 


8 


+ 




malignant 


7 


+ 




bladder 


3 






skeletal muscle 


5 




30 


smooth muscle 


5 






lung 


4 






heart 


4 






stomach 


5 






colon 


5 




35 


testis 


4 






spleen 


4 






skin 


3 


+/-(1) 




nerve 


4 






kidney 


8 




40 


liver 


5 






small bowel 


4 






adrenal 


4 






♦staining result: 






45 


+ positive staining 








no staining 








1 positive staining 


of skin is 


limited to select adnexal 




structures 
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Example 2 

Production of a 5E10 x anti-CD3 BsAb 

A hybrid- hybridoma capable of making a bispecific 
antibody was produced by fusing the hybridoma cells that 
secrete 5E10 with those that secrete 0KT3 (Figure 5) . 
0KT3 is an IgG2a murine monoclonal antibody that reacts 
with the CD3 receptor on human T-cells. The cell line 
that produces 0KT3 cell line was obtained from ATCC 
Accession No. CRL 8001. A variant of 0KT3 was produced 
that is sensitive to Aminopterin and resistant to 
Neomycin. Hybrid-hybridomas were produced by the fusion 
of HAT resistant, neomycin sensitive 5E10 hybridomas and 
HAT sensitive, neomycin resistant 0KT3 -secreting 
hybridomas. Fused cells were plated in HAT-neomycin 
media to select for hybrid-hybridomas. The HAT in this 
media prevents the growth of unfused 0KT3 cells and the 
neomycin will prevent the growth of unfused 5E10 cells. 
Thus, only hybrid-hybridomas containing genetic material 
from both parental hybridomas will survive. A panel of 
hybrid-hybridomas that produce BsAb were produced. 

A two-step screening procedure was used to determine 
which hybrid-hybridomas are secreting BsAb. In the 
initial screen, hybrid-hybridoma supernatant was added 
separately to PC3 cells or Jurkat (CD3 -expressing human 
T cell leukemia cells) . Goat ant i -mouse IgG-FITC was 
added after Washington detect the presence of bound 
antibody. Hybrid-hybridomas secreting antibody capable 
of binding to both PC3 and Jurkat cells were selected for 
further study. 

A second screen was used to confirm bispecific 
reactivity by detecting the ability of BsAb- containing 
supernatant to induce the formation of PC3 and Jurkat 
cell aggregates. This assay has proven successful in our 
laboratory for the final selection of other BsAb 
secreting hybrid-hybridomas. PC3 cells were stained with 
supravital membrane dye DiO to stain cells green and 
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Jurkat cells will be stained in a similar manner with the 
red dye Dil. PC3 and Jurkat cells were mixed together 
along with antibody (hybrid-hybridoma supernatant) . 
Cells were evaluated by fluorescent microscopy and two- 
5 color flow cytometry. 

Increased aggregate formation, as detected by red and 
green fluorescence, was seen when the hybrid-hybridoma 
supernatant contains functional BsAb capable of binding 
to both cell lines. The hybrid-hybridoma supernatant 

10 inducing the highest percent of aggregates (7.5% 
aggregates compared to 1.5% aggregates for control sample 
containing monospecific mAbs) was selected for further 
study. These results are similar to those seen in our 
successful development of a bispecific antibody for 

15 lymphoma. 

The selected hybrid-hybridoma was subcloned by 
limiting dilution and bispecific reactivity confirmed. 
Large quantities of the bispecific antibody were 
produced. Antibody- containing supernatant was obtained 

20 from supernatant of mass culture of the hybrid-hybridoma. 

Affinity chromatography using staphylococcal protein A 
was used to obtain antibody produce from the supernatant. 
This antibody product was fractionated by HPLC, and the 
resulting antibody peaks screened for bispecific antibody 

25 activity. 

Cytotoxicity assays 

BsAb was evaluated for ability to mediate destruction 
of prostate cancer cells in vitro. Peripheral blood 

30 mononuclear cells from normal volunteers were used as 
effector cells. These were cultured in SOU recombinant 
IL-2 and 10 f^g/ml purified 0KT3 for 5 days. ALVA 31 
cells were labelled with ^^Cr by standard protocol and 
used as target cells. Effector cells and target cells 

35 were mixed at varying effector: target ratios, and BsAb 
or monospecific antibody added to each well at a final 
concentration of 1 //g/ml. Lysis induced by BsAb was 
compared to that induced by monospecific 5E10, 
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monospecif ic 0KT3 or a combination of both- The results, 
reported as lytic units (20% lysis) , demonstrates the 
bispecific antibody retargets T-cell mediated lysis. 
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. CLAIMS 

What is claimed is: 

5 1. A bispecific antigen binding protein construct 
containing one or more polypeptides, said binding protein 
construct characterized in having 

a first binding domain having binding 
specificity for an antigenic determinant expressed on the 
10 surface of malignant and normal cells of defined 
nonessential animal tissue type; and 

a second binding domain having binding 
specificity for an antigenic determinant expressed on the 
surface of a defined class of immune effector cells. 

15 

2. The binding protein construct of claim 1, further 
characterized in having a binding site specific for T- 
cells . 

20 3. The binding protein construct of claim 1 wherein said 

first and second binding domains are contained in a 
monoclonal antibody or portion thereof containing the 
specific complementarity determining regions. 

25 4. The binding protein construct of claims 1 and 2 
wherein said second binding domain has binding 
specificity for an effector cell antigenic determinant 
selected from the group consisting of CD3, CD4, CD8, 
CD16, CD28,CD32, and CD64 . 

30 

5. The bispecific antigen binding protein construct of 
claims 1 or 2 wherein said first binding domain has the 
binding specificity of monoclonal antibody 5E10. 

35 6- The bispecific antigen binding protein construct of 
claim 5 wherein said first binding domain is a monoclonal 
antibody 5E10 and said second binding domain is a 
monoclonal antibody having binding specificity for an 
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effector cell antigenic determinant selected from the 
group consisting of CD3, CD4, CD8, CD16, and CD28. 

7. A hybrid- hybridoma a cell line prepared by fusing an 
5 0KT3 secreting cell (ATCC Accession No. CRL 8001) with a 

5E10 secreting cell; and 

growing the fused cell in a selective medium. 



8. A hybrid- hybridoma cell line secreting monoclonal 
10 0KT3 antibody, monoclonal 5E10 antibody, and a bispecif ic 
antibody having the combined specificity of 0KT3 and 5E10 
monoclonal antibodies - 

9- A method for producing a monoclonal antibody specific 
15 for a common antigenic determinant displayed on the cell 
surface of cancers of a defined cell type comprising 

preparing a whole cell suspended mixture of cells 
from individual cell lines derived from a plurality of 
cancer cells of a defined- tissue type 
20 immunizing an animal by injection of said cell 

mixture into the body thereof 

recovering B lymphocytes secreting antibodies 
specific for said common antigenic determinant from said 
animal so immunized and fusing them with myeloma cells to 
25 form hybridomas 

cloning said hybridomas in a growth medium 

removing the supernatant medium containing said 
secreted antibodies from said hybridomas 

labeling the said antibodies with a label detectable 
30 by flow cytometry 

contacting said antibodies with said mixture of 
cancer cells of said defined tissue type, and a plurality 
of noncancer cells of tissue types differ from said 
cancer cells, 

35 incubating said cancer cells and said noncancer cells 

with said antibody under conditions conducive to binding 
of said antibody to said cells, 

preparing said cells for flow cytometry 
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performing a first screening test by sorting the 
cells in a flow cytometer into a first class having 
labeled antibody bound to the surfaces thereof and into 
a second class having no bound antibody thereby showing 
5 a bimodal distribution in flow cytometry 

performing a second screening test on the monoclonal 
antibodies showing a bimodal distribution in said first 
screening test comprising individually testing each 
cancer and noncancer cell type with the said labelled 
10 monoclonal antibody to identify antibody with binding 
specificity for said plurality of cancer cells, and 

performing a third screening test on the monoclonal 
antibodies showing said bimodal distribution in flow 
cytometry comprising determining the binding specificity 
15 of said labelled antibody for tissue slices derived from 

a plurality of cancers of defined cell type. 

10. A method for producing a monoclonal antibody 
specific for a common antigenic determinant displayed on 
20 the cell surface of prostatic tissue comprising 

preparing a whole cell suspended mixture of cells 
from cell lines derived from a plurality of prostatic 
tumors 

immunizing an animal by injection of said cell 
25 mixture into the body thereof 

recovering B lymphocytes secreting antibodies 
specific for said common antigenic determinant from said 
animal so immunized and fusing them with myeloma cells to 
form hybridomas 
30 cloning said hybridomas in a growth medium 

removing the supernatant medium containing said 
secreted antibodies from said hybridomas 

labeling the said antibodies with a label detectable 
by flow cytometry 
35 contacting said antibodies with said mixture of 

cancer cells of said defined tissue type, and a plurality 
of noncancer cells of tissue types different from said 
cancer cells, 
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incubating said cancer cells and said noncancer cells 
with said antibody under conditions conducive to binding 
of said antibody to said cells, 

preparing the cells for flow cytometry 
5 performing a first screening test by sorting the 

cells into a first class having labelled antibody bound 
to the surfaces thereof and into a second class having no 
bound antibody thereby showing a bimodal distribution in 
flow cytometry 

10 performing a second screening test on the monoclonal 

antibodies showing a bimodal distribution in said first 
screening test comprising individually testing each 
cancer and noncancer cell type with the said labelled 
monoclonal antibody to identify antibody with binding 

15 specificity for said plurality of cancer cells, and 

performing a third screening test on the monoclonal 
antibodies showing said bimodal distribution in flow 
cytometry comprising determining the binding specificity 
of said labelled antibody for tissue slices derived from 

20 a plurality of cancers of defined cell type. 

11. The method of claim 9 wherein each of said plurality 
of cells from noncancer tissue is obtained from 
propagation of a distinct cell line. 

25 

12. The method of claim 10 wherein each of said 
plurality of cells from tissue types different from said 
prostatic cells is obtained from propagation of a 
distinct cell line. 

30 

13. A diagnostic reagent for detection of cancer cells 
in histologic section comprising 

a monoclonal antibody obtained by the method of claim 
9, or fragment thereof retaining the antigen binding 
35 characteristics of said antibody, and 

a detectable label stably conjugated to said 
antibody. 
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14. The diagnostic reagent of claim 13 wherein said 
label is selected from the group consisting of an enzyme, 
a radioisotope, and a dye molecule. 

5 15. A diagnostic reagent for detection of cancer cells 
in immunoscintigraphy comprising 

a monoclonal antibody obtained by the method of claim 
9, or fragment thereof retaining the antigen binding 
characteristics of said antibody, and 
10 a detectable imaging label stably conjugated to said 

antibody. 

16 . The diagnostic reagent of claim 15 wherein said 
imaging label is selected from the group consisting of 

15 "'I, '''in, and ""Tc. 

17. A therapeutic reagent for eradication of cancer 
cells comprising 

a monoclonal antibody obtained by the method of claim 
20 9, or fragment thereof retaining the antigen binding 

specificity of said antibody, and 

a cytotoxic moiety conjugated thereto. 

18. The therapeutic reagent of claim 17 wherein said 
25 cytoxic moiety is selected from the group consisting of 

a radionuclide, a chemotherapeutic drug, and a biologic 
toxin . 

19. A diagnostic reagent for detection of prostatic 
30 cells in a histologic section comprising 

a monoclonal antibody obtained by the method of claim 
10, or fragment thereof retaining the antigen binding 
characteristics of said antibody, and 

a detectable label stably conjugated to said 
35 antibody. 
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20. The diagnostic reagent of claim 19 wherein said 
label is selected from the group consisting of an enzyme, 
a radioisotope, and a dye molecule. 

5 21. A diagnostic reagent for detection of prostatic 

cancer cells in immunoscintigraphy comprising 

a monoclonal antibody obtained by the method of claim 
10, or fragment thereof retaining the antigen binding 
characteristics of said antibody, and 
10 a detectable imaging label stably conjugated to said 

antibody. 

22. The diagnostic reagent of claim 21 wherein said 
imaging label is selected from the group consisting of 

15 "'I, '''In, and''"Tc. 

23. A therapeutic reagent for eradication of cancer 
cells comprising 

a monoclonal antibody obtained by the method of claim 
20 10, or fragment thereof retaining the antigen binding 

specificity of said antibody, and 

a cytotoxic moiety conjugated thereto. 

24 . The therapeutic reagent of claim 23 wherein said 
25 cytoxic moiety is selected from the group consisting of 

a radionuclide, a chemotherapeutic drug, and a biologic 
toxin. 

25 . A hybridoma secreting monoclonal antibodies specific 
30 for prostate-derived cells designated 5E10 corresponding 

to ATCC Accession NO. XXXXX. 

26. A purified monoclonal antibody having specificity to 
an antigenic determinant on the surface of normal and 

35 cancerous prostate-derived cells, obtained from a 
hybridoma designated 5E10 having ATCC Accession No- 

xxxxx. 
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27. A purified monoclonal antibody having specificity to 
an antigenic determinant on the surface of normal and 
cancerous prostate -derived cells, obtained by the method 
of claim 10. 

28, A purified monoclonal antibody specific for a common 
determinant on the surface of tumor cells arising from a 
defined tissue type, obtained by the method of claim 9. 
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